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ABSTRACT: Wistar rats were treated as Group A: Control; Group B: microcystin LR (MCLR); Group C: 
microcystin LR and jamun seed extract (MCLR+JSE); Group D: microcystin LR and orange peel extract 
(MCLR+OPE); Group E: orange peel extract (OPE); Group F: jamun seed extract (JSE). MCLR dose was 10 
µg/kg body wt/day whereas OPE and JSE dose was 200 mg/kg body wt/day. Serum calcium and phosphate 
were analyzed on 15 and 30 day. Serum calcium of rat exposed  for 15 day to MCLR; MCLR+JSE and 
MCLR+OPE decreased. Although there is little increase in levels of group C and group D  but treatment with 
OPE and JSE is not able to completely restore decreased calcium levels caused by MCLR. After 30 day 
calcium decreased after MCLR; MCLR+JSE and MCLR+OPE treatment. Levels in group E and F remain 
unaltered. Levels in group C and D exhibit elevation as compared to group B which indicates that treatment 
with OPE and JSE recovered calcium. Serum phosphate decreased after 15 day in MCLR; MCLR+JSE and 
MCLR+OPE  treated rats. Phosphate levels of group C (compared with group F) and group D (compared with 
group E) show decrease. After 30 day exposure to MCLR; MCLR+JSE and MCLR+OPE phosphate levels 
decreased. Levels of group C and D when compared with group B are increased. Phosphate levels of group C 
(compared with group F) and D (compared with group E) are decreased. This indicates that OPE and JSE 
treatment provoked some recovery of phosphate levels. 
Keywords: Cyanobacteria; Microcystin; Serum calcium; Serum phosphate; Jamun seed; Orange peel. 
1. INTRODUCTION 
Cyanobacteria which are found in freshwater, eutrophic and municipal water supplies [1] produce 
hepatotoxins, neurotoxins and lipopolysaccharide endotoxins [2]. Cyanobacteria, after ingestion adversely 
affects domestic and aquatic animals as well as humans [2-4]. 
Microcystis aeruginosa is commonly observed in cyanobacterial blooms [4] which produce a cyclic 
hepatotoxin - microcystin LR [2, 3, 5]. Microcystin accumulates in organisms’ body such as shrimp [6-8], 
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snails [6, 8], bivalves [9], frogs [8] and human liver [10]. Microcystin LR has been reported to produce 
adverse effects on liver [2, 5], kidney [4, 11-13], heart [4], germ cell apoptosis [14] and human respiratory 
system [15]. 
It has been reported that several plants possess antioxidant properties. Seeds of Jamun (Syzygium 
cumini) contains gallic acid, quercetin, jambosine, ellagic acid, 1-galloylglucose, corilagin, 3,6-hexahydroxy 
diphenoylglucose, β-sitoterol,3-galloylglucose, 4,6-hexahydroxy diphenoylglucose, etc. [2]. Jamun has been 
attributed to produce some biological activities namely - hypoglycemic, hepatoprotective, cardioprotective, 
anti-inflammatory, antineoplastic, hypolipidemic, antibacterial and antiallergic [2, 16, 17]. Orange (Citrus 
sinensis) peel contains flavonoids, hespiridin, alkaloids, limnoids, carotenoids, acridone vitamin C and B 
complex, essential oils and minerals [2, 18, 19] and possess antioxidant, antibacterial, larvicidal, antifungal, 
anti-inflammatory and antihypertensive activity [20-25]. 
In vertebrates calcium plays a vital role in various physiological processes and a minor change in its 
level severely affects these [26]. Therefore, the blood calcium levels are maintained strictly. Hence, the 
present study evaluated the protective effects of extracts of jamun (Syzygium cumini) seeds and orange (Citrus 
sinensis) peels against microcystin LR (MCLR) induced alterations in serum calcium and phosphate of male 
rats. Prior to this study no report exists regarding protective effects of extracts of seed of Syzygium cumini 
(JSE) and peels of Citrus sinensis (OPE) on serum calcium and phosphate induced by microcystin LR. 
2. MATERIALS AND METHODS 
Male Wistar rats (70-90 g) were housed in polypropylene cages under laboratory conditions and 
acclimatized for 2 weeks prior to experimentation. The rats were maintained on the standard laboratory feed 
and water ad libitum throughout the acclimation and experimental periods. Animal handling and sacrifice 
were carried out following the guidelines provided by Ethics Committee of the University (No. 
F.Sc.9008/D/S/3-4-14). 
After acclimatization rats were separated into six groups - A, B, C, D, E, and F, each consisting of 20 
animals. Following treatments were orally given daily to these groups at 08:00 each day throughout the 
experiment: 
Group A: Control: No treatment was given 
Group B: Microcystin-treated rats (MCLR): given microcystin (10 µg/kg body wt) 
Group C: Microcystin + jamun seed extract (MCLR+JSE): received microcystin (10 µg/kg body wt) and 
jamun seed extract (200 mg/kg body wt) simultaneously 
Group D: Microcystin + orange peel extract (MCLR+OPE): given microcystin (10 µg/kg body wt) and orange 
peel extract (200 mg/kg body wt) simultaneously 
Group E: Orange peel extract (OPE): rats received orange peel extract (200 mg/kg body wt) 
Group F: Jamun seed extract (JSE): given jamun seed extract (200 mg/kg body wt). 
Rats (10 from each group) from all the groups were sacrificed 24 h after last dose on 15th and 30th day 
after initiation of the experiment under light ether anesthesia animals were fasted overnight before sacrifice.   
Purified microcystin LR was purchased from Enzo Life Sciences, Inc. and dissolved in 0.9% NaCl for 
use in experiment. Details regarding the preparation of jamun seed and orange peel extracts have been given 
by Srivastava et al. [27]. 
Blood samples were collected (under slight ether anesthesia) by cardiac puncture by using 3 ml 
syringes and 23 gauge needles and were allowed to clot at room temperature. Sera were separated by 
centrifugation (at 3000 rpm) and kept at -20ºC until analyzed for serum calcium (Calcium kit, Sigma-Aldrich) 
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and inorganic phosphate (Pointe Scientific, USA). All determinations were carried out in duplicates for each 
sample.  
Each data represents mean ± S.E. of five specimens. Student’s t test was used to determine statistical 
significance. In all studies, the experimental group was compared to its specific time control group. Analysis 
of variance (ANOVA) was used to observe the significant differences between different exposure periods and 
different treatments.  
3. RESULTS 
Serum calcium levels of rat exposed for 15 day to microcystin LR (MCLR; group B; P<0.0001); 
microcystin LR and jamun seed extract (MCLR+JSE; group C; P<0.0001) and microcystin LR and orange 
peel extract (MCLR+OPE; group D; P<0.0005) exhibit a decrease (Fig. 1) as compared to the calcium levels 
of control rats (group A). The calcium levels remain unaffected in rats treated only with orange peel extract 
(OPE; group E) and jamun seed extract (JSE; group F). The calcium levels of group B (MCLR) is not 
significant when compared with group C (MCLR+JSE) and group D (MCLR+OPE) which clearly indicates 
that although there is a little increase in levels of group C and group D (as compared to group B) but the 
treatment with OPE and JSE is not able to completely restore the decrease in calcium levels caused by 
microcystin treatment. This derives support from the significant decrease in levels when group C was 
compared with group F (P<0.015) and group D was compared with group E (P<0.014). Analysis of variance 
(ANOVA) indicates that the treatments are significant (F=8.626; P< 0.0001). 
 
 
Figure 1. Serum calcium levels (mg/100 ml) of Wistar rat treated either with microcystin, microcystin+jamun                         
seed extract, microcystin+orange peel extract, orange peel extract or jamun seed extract.  All values indicate                            
mean ± SE of five specimens. 
 
After 30 day there is decrease in the serum calcium levels (Fig. 1) following treatment with MCLR 
(group B; P<0.0001; the value is slightly increased as compared to value at day 15); MCLR+JSE (group C; 
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P<0.012) and MCLR+OPE (group D; P<0.048). The levels in group E (OPE) and group F (JSE) remain 
unaltered. The levels in group C and group D exhibit a significant elevation as compared to group B which is 
indication that treatment with OPE and JSE is  effective in recovering the decrease in calcium levels caused 
by the treatment with MCLR. ANOVA indicates that the treatment is significant (F= 2.874; P< 0.03). 
The serum inorganic phosphate levels exhibit a decrease after 15 day in MCLR (group B; P<0.001); 
MCLR+JSE (group C; P<0.003) and MCLR+OPE (group D; P<0.009) treated rats (Fig. 2). Treatment with 
OPE (group E) and JSE (group F) could not provoke any alteration in phosphate levels. The phosphate levels 
of group C and group D when compared with group B are insignificant which is indicative of non-recovery of 
decreased phosphate levels provoked by MCLR. Phosphate levels of group C (when compared with group F) 
and group D (when compared with group E) show significant decrease. ANOVA indicates that all treatments 
are significant (F=6.131; P< 0.005). 
After 30 day exposure to MCLR (group B; P<0.0002); MCLR+JSE (group C; P<0.0003) and 
MCLR+OPE (group D; P<0.001) the serum phosphate levels exhibit a decline (Fig. 2) as compared to control 
(group A). The levels of group E (OPE) and group F (JSE) remain unchanged. The levels of group C (P<0.02) 
and group D (P<0.01) when compared with group B are significantly increased. Phosphate levels of group C 
(compared with group F; P<0.015) and group D (when compared with group E; P<0.006) are significantly 
decreased. This indicates that although OPE and JSE treatment have provoked recovery of serum phosphate 
levels but could not be able to restore the normophosphatemia. ANOVA indicates significant differences 
between treatments (F=13.092; P<0.0001).  
 
  
Figure 2. Serum phosphate levels (mg/100 ml) of Wistar rat treated either with microcystin, microcystin+jamun                  
seed extract, microcystin+orange peel extract, orange peel extract or jamun seed extract. All values indicate                         
mean ± SE of five specimens. 
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4. DISCUSSION 
In the foregoing study MCLR treated rats exhibited hypocalcemia. This is in agreement with the 
observations of other workers who have also noticed hypocalcemia in microcystin LR exposed rats [28] and 
fish [29, 30]. In contrast, Hooser et al. [31] have not noticed any change in blood calcium levels of rats within 
24 h after intraperitoneal injection of lethal dose of MCLR (160 µg/kg bw). The observed hypocalcemia in the 
present study derives support from the reports of other researchers who have also reported hypocalcemia after 
administration of toxicants in rats after treatment with heptachlor [32]; diazinon [33]; mipcin [34]; heroin 
[35]; cadmium [36] and chlorpyrifos [37]. Andjelkovic et al. [38] have noticed a reduction in serum calcium 
levels after cadmium exposure to rats, however, the decrease in levels was not significant.  
Several investigators have noticed hypocalcemia in fish after treatment with cypermethrin  [39]; 
deltamethrin [40]; cadmium [41-43]; and botanical pesticides [44-47]. In chickens gamma benzene 
hexachloride and quinalphos provoked hypocalcemia [48].  
Exposure of microcystin LR to rats caused hypophosphatemia. Hypophosphatemia has been noticed in 
rats [28] and in fish Heteropneustes fossilis [29] after exposure to microcystin LR. Hooser et al. [31] have 
reported that in microcystin LR exposed rats the blood phosphorus varied inconsistently. In chicken treated 
with gamma benzene hexachloride and quinalphos hypophosphatemia has been noticed by Agarwal et al. [48]. 
Several investigators have reported occurrence of hypophosphatemia after exposure of various toxicants to 
fish - chlorpyrifos [49], deltamethrin [50], cypermethrin [51], cadmium [41], lead [52], azadirachtin [44], 
Nerium indicum leaf extract [46], Euphorbia royleana [47] and Euphorbia tirucalli [45]. However, serum 
phosphate level remained unaffected in rats treated with heptachlor [32], diazinon [33] and mipcin [34]. In 
contrast, hyperphosphatemia has been noticed in heroin administered rats [35].  
In the past, few investigators have noticed degeneration in the kidney after exposure of toxicants to 
mammals [53, 54]. Moreover, toxicants also induced a decrease in the intestinal calcium absorption [55].  
Toxicant induced kidney degeneration may result into  increased urinary output  [53].  In the present study, 
degeneration in kidney has been noticed in MCLR treated rats. Hence, the observed hypocalcemia and 
hypophosphatemia in rats exposed to MCLR could be attributed to the degeneration in kidney tubules thus 
affecting increased efflux of these electrolytes and/or decreased intestinal absorption of these electrolytes. 
Degenerative changes in the renal tubules have also been suggested to be the main causes of hypocalcemic 
responses in toxicant treated fishes [56]. Lead-induced ionoregulatory toxicity in rainbow trout, particularly 
the disturbance of Ca2+ homeostasis has been suggested as not exclusively a branchial phenomenon, but is in 
part a result of disruption of ionoregulatory mechanisms at the kidney [57]. In rats treated with mipcin [34] 
and heroin [35], the observed hypocalcemia has been attributed to the degenerating changes in the parathyroid 
glands. Heroin-induced hyperphosphatemia has been suggested by Barai et al. [35] due to degenerating 
changes in parathyroid cells.  
5. CONCLUSION 
Based on the findings of this study, we can conclude that exposure to microcystin adversely affected 
the serum calcium and phosphate of the rats. The disturbances in these vital electrolytes could be protected by 
supplementation of extracts of jamun seed and orange peel. It is advisable that the organisms, particularly the 
aquatic ones, exposed to microcystin should be given dietary supplement of these botanical extracts which 
would  ease the toxic symptoms.  
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